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ABSTRACT 
 
Much of current physics education research involves the use of the Force 
Concept Inventory, commonly referred to as the FCI. The FCI is a conceptual inventory 
examination used to study student comprehension and learning of introductory 
mechanics. These studies often focus on comparisons between increases in performance 
on pre-course and post-course FCI results for two statistically significant samples; one 
using a traditional course structure or teaching method and the other using different 
techniques. 
This study contains a complete statistical analysis of the FCI in order to 
determine its validity as a metric for measuring course success and student learning 
within the context of introductory mechanics courses. All the data is from students 
enrolled in one particular variety of Physics 218 at Texas A&M University during the 
Fall 2011 semester. In particular, the analysis is done for a single statistically significant 
sample in order to more closely examine the relationships between the FCI, mathematics 
skills, and student performance. It is shown that the FCI is not a valid metric for 
measuring student learning within an introductory physics course and that incoming 
mathematics skills play a critical role in student performance. 
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1. INTRODUCTION 
 
 In recent years, physics education research (PER) has begun to play a crucial role 
in an increasing number of physics departments. Many different elements of physics 
education have been investigated, including conceptual understanding, problem-solving, 
use of technology, differing pedagogy, even student attitudes toward the subject. The 
exact details of how students learn physics are still not entirely clear. What course 
elements are most important and what assessment metrics can measure these course 
elements is of some debate. The important course elements may even differ from one 
course to another. 
For instance, the conceptual content of a typical introductory physics course is 
irrelevant in future coursework for those students that will never take another 
mathematical science class. An emphasis on the algebraic problem solving methods may 
be more appropriate as the focus, in this case, because leaving the course with additional 
generic problem solving skills could be of greater importance than an understanding of 
the conceptual course material. 
 For engineering and physics students, however, such a course would be 
inappropriate. The conceptual content should be continuously relevant throughout an 
engineering or physics student’s future coursework. This suggests that specialized 
introductory physics courses should be developed specifically for engineering and 
physics students that, in some way, increase the overall importance of the conceptual 
understanding of the course material itself, as well as rigorous mathematical derivations 
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of important physical laws. Determining how students learn these concepts in all types 
of introductory physics courses requires a complete statistical approach to PER.  
 PER attempts to identify specific elements in course structure and content that 
directly affect student understanding and performance. Once an element has been 
identified, the course structure and content can be altered to better emphasize the 
identified course element. This research is often executed using results from various 
forms of pre- and post-course examinations. The average improvement for an entire set 
of courses using one course structure are compared to average improvement for courses 
using differing course structures, in an attempt to show that particular teaching methods 
are more effective than others. 
 Generally speaking, it is difficult to compare the effectiveness of courses without 
a common course element. There are many different varieties of introductory mechanics 
courses, some with dramatically different course structures and teaching methods. Pre-
course and post-course inventory examinations are used primarily to measure student 
learning between courses by asking students a set of common questions relating to the 
course material. An appropriate metric would show a statistically significant increase in 
correlation with student performance in the course.  
 This work is unique because it extends beyond the usual approach of comparing 
gains between many statistically significant student populations that receive differing 
treatments. Instead, the study is comprehensive for a single sample, allowing for a more 
in-depth analysis. A measure of statistical effect size between different student groups 
within the sample is measured. In addition, a measure of statistical correlation between 
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student performance on two different pre- and post-course examinations, the Force 
Concept Inventory1 (FCI) and Mathematics Inventory Exam (MIE), and each student’s 
common midterm examination grades is determined. The FCI is a conceptual mechanics 
examination commonly used in introductory physics courses and the MIE is a 
mathematics examination, devised specifically for this study, which includes algebra, 
trigonometry, and calculus. The primary goals of this study are to determine if the FCI is 
a valid metric for measuring student performance and to examine the effect of incoming 
mathematics skills on student performance in a typical introductory mechanics course. 
  
 4 
 
2. BACKGROUND 
 
2.1 The History of Physics Education Research 
The research of physics teaching methods has long been considered a matter for 
education departments rather than physics departments. However, design of physics 
curricula, implementation of physics teaching methods, and statistical analysis of the 
effectiveness of these educational tools requires extensive knowledge of physics and 
significant physics teaching experience. Slowly, over the course of many decades, PER 
has grown in both quantity and quality. The beginning of modern PER is largely 
attributed to Lillian McDermott and the Physics Education Group at the University of 
Washington2. Today, PER groups can be found in most physics departments throughout 
the country. 
 The nineties was filled with major milestones in PER. The FCI, along with its 
counterpart the Mechanics Baseline Test3 (MBT) was first published in 1992 and is still 
in wide use today as a tool for comparing teaching methods in introductory mechanics 
courses. In addition, the push to include PER in physics journals and meetings began in 
1995 with a white paper4 submitted to the NSF. The paper is a request to include PER as 
a subfield of physics that has largely shaped the way PER is viewed today. 
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2.2 The Force Concept Inventory and the Mechanics Baseline Test 
 The FCI and the MBT were simultaneously first published in 1992 as a set of 
inventory examinations that, together, are meant to provide a method of profiling student 
understanding of Newtonian mechanics. The FCI is entirely conceptual, requiring no 
mathematics to complete, while the MBT contains more quantitative questions that 
require mathematical problem-solving. 
 In general, the MBT has been largely overshadowed by the FCI in terms of 
published data, despite the intention that both examinations be used in conjunction. It 
has been shown5 that there is a statistically significant correlation between performance 
on the MBT and the FCI. As a result, much of the research done in PER is now based 
upon results from the FCI alone. 
 Course analysis using the FCI commonly consists of a comparison between 
traditional lecture-style courses and courses with some kind of alternative treatment. 
Average performance and average gains on the FCI for each group are calculated in an 
attempt to show that the treatment group shows a statistically significant increase. This 
type of research can be insightful, but it does not highlight relationships between 
individual student performance on the FCI and performance on other metrics. It is 
necessary to analyze these individual relationships because it allows for a better 
understanding of the cause and effect relationship between the two variables. 
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2.3 Learning in Introductory Mechanics Courses 
There are many different approaches taken in teaching introductory mechanics 
courses. The most basic difference between introductory mechanics courses, however, is 
between the non-calculus and calculus based varieties. These two types of courses are 
meant for different students; one for those in a non-science major and those in a science 
major. Ultimately, the focus in each course should be different because the students need 
to exit the course with a different set of skills.  
 
2.3.1 Conceptual Understanding 
 It can be argued that Newtonian physical intuition is of greatest importance; the 
students will likely never encounter anything similar to the course material again, so this 
is the only opportunity to change the way a student thinks about the physical world. 
However, increased generic problem-solving skills may be of greater benefit to the 
students throughout their educational careers. It is not entirely clear what the primary 
focus should be, in this case. 
 In calculus based courses, especially those for engineers and physicists, it should 
be the course goal to instill as great an understanding of the conceptual Newtonian 
mechanics, as well as the underlying mathematical theory, as possible before the end of 
the course. The students will use the course material continuously until they graduate 
and will require a solid foundation if they are to continue developing their physical 
intuition throughout future college coursework.  
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2.3.2 Mathematical Problem-Solving 
 In non-calculus based courses, mathematical problem-solving is restricted to 
algebra, geometry, and trigonometry topics. Often, an introductory physics course is the 
last opportunity a non-calculus student will have to develop mathematical, word-based, 
problem-solving skills. Ensuring the students leave the course with increased 
mathematics problem-solving skills is essential to successfully teaching the course. 
 In calculus based courses, the students will have ample opportunity before they 
graduate to fully develop their mathematical problem-solving skills. However, 
mathematics is the language in which the sciences are written. Falling behind, 
mathematically-speaking, is both common and deadly for those in the sciences. Ensuring 
the students leave the course with increased mathematics problem-solving skills, 
especially a better understanding of the applications of calculus to the physical world, is 
imperative. 
 
2.4 Failures and Misuse of Pre-Course and Post-Course Evaluation 
Pre-course and post-course evaluation is a common method of comparing the 
benefits and pitfalls of different teaching methods within the context of the same course. 
What is meant by the same course is often unclear. Even at Texas A&M University 
(TAMU), there are currently at least four different varieties of calculus based 
introductory mechanics courses offered within a given semester and all of those courses 
are labeled as Physics (PHYS) 218. Whether these courses can be compared with each 
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other at all is of some question since some of the courses are intended for only 
engineering students or only honors students, for example. 
Considering the large number of publications involving the FCI, it is generally 
accepted that the FCI directly measures conceptual understanding of introductory 
mechanics concepts, despite its lack of content beyond Newton’s laws. However, the 
truth remains unclear6,7,8 and the FCI continues to be used in many scenarios where it 
may not be an appropriate metric for teaching success or student learning. 
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3. RESEARCH OBJECTIVES 
 
3.1 The Validity of the FCI in Introductory Mechanics 
 Currently, the FCI is widely used as a metric for successful teaching in 
introductory mechanics, including here at TAMU. It is generally assumed that higher 
scores on the FCI are well correlated with student conceptual understanding and that 
performance in any introductory mechanics course can be evaluated under the FCI 
metric. In particular, the version of PHYS 218 used in this study is part of the Science, 
Technology, Engineering, and Mathematics (STEM) Talent Expansion Program (STEP) 
at TAMU. STEP is an undertaking by the engineering department at TAMU to increase 
the quality of education their students receive by communicating their needs in 
undergraduate courses outside their department, such as physics or mathematics. This 
study will determine the validity of the FCI within the context of PHYS 218 STEP at 
TAMU and closely examine the relationship between performance on the FCI and 
performance in introductory mechanics courses.  
 
3.2 The Importance of Mathematics in Introductory Mechanics 
 It is clear that student understanding of mathematics, particularly calculus, must 
play a critical role in introductory mechanics courses. After all, it is the language in 
which Newtonian mechanics is written and, without it, consistent communication of 
Newtonian concepts would be impossible. In addition, the predictive power of physics is 
only useful and well understood because of the underlying mathematical structure. This 
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study will examine the relationship between student understanding of mathematics and 
performance in introductory mechanics courses. 
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4. EXPERIMENTAL PROCEDURE 
 
4.1 Introductory Mechanics Course Selection and Structure 
 PHYS 218 at TAMU is a calculus-based, introductory mechanics course. In 
general, students enrolled in the course are majoring in a science-related field, such as 
biology, chemistry, engineering, pre-med, and physics. However, depending on the 
intended field of science, these courses should have a differing emphasis that better 
encompasses the post-course relevance of the course material, such as more rigorous use 
of the complete calculus definitions. 
 PHYS 218 STEP courses are designed specifically for engineering majors with 
an emphasis on more mathematically rigorous definitions and applications. A concrete 
understanding, both conceptual and illustrative in nature, of basic calculus is required 
throughout the course. All aspects of the course, including the textbook9, homework, and 
midterm exams consistently enforce an understanding of the complete calculus-based 
definitions. 
 Lecture is traditional in nature, consisting of theoretical proofs and explanations, 
supported by worked-out example problems demonstrating how the theory is used to 
model real applications. The theory requires substantial knowledge of calculus to fully 
understand and reinforces the mathematical definitions of classical mechanics. 
 During recitation, the students take a quiz consisting of traditional work-out 
problems related to current topics covered in lecture. The teaching assistant answers 
questions and assists students in solving problems from the textbook and from previous 
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years’ exams. These activities encourage students to develop independent problem-
solving skills. 
 The time in laboratory is spent working on physics-related, team-building 
exercises that provide students with real-life scenarios in which they are meant to use the 
material they have learned in the course to solve problems in a group environment. This 
includes both traditional laboratory experiments and group problem-solving exercises. 
Encouraging group interaction helps prepare future engineers for team projects and work 
environments that are commonplace in all fields of science and engineering. 
 PHYS 218 STEP was chosen as the focus of this study for multiple reasons. 
Enrolled students use the same textbook, have very similar classroom experiences, and 
take the same midterm examinations. In addition, the midterm exams are all graded 
using the same grading rubric by the same group of people. If these items were different 
for each student, it could lead to false conclusions, so PHYS 218 STEP was chosen to 
eliminate these potential problems. 
 
4.2 Common Midterm Examinations 
 Three common midterm exams were given to all the students throughout the 
semester. The first exam covers kinematics and early applications of Newton’s laws; the 
second covers more comprehensive applications of Newton’s laws, the work-energy 
theorem, and potential functions; the third covers polar coordinates, Newton’s laws 
using polar coordinates, momentum conservation, torque, and angular momentum 
conservation. All students are given the exams simultaneously, to prevent possible 
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cheating, and are given the same amount of time to complete each exam. All the topics 
covered on these exams are commonly found in traditional introductory mechanics 
courses. 
 
4.3 Pre-Course and Post-Course Evaluation 
 Each student was given the FCI at the beginning and the end of the course. The 
FCI was chosen as the tool to measure conceptual understanding here, primarily because 
it is used in a significant number of publications and its validity as a metric is assumed, 
but unclear. 
 A mathematics inventory examination was devised that, not only requires the 
students to perform traditional algebra, trigonometry, and calculus problems, but also 
contains questions requiring a written response about the nature of calculus. Each 
student was given the entire MIE at the beginning of the course and only the calculus 
portion of the MIE at the end of the course. 
 
4.4 Collection of Student Data 
 All student data was collected at the end of the semester and can be found in the 
appendix. All responses to all questions on the pre-course and post-course FCI and MIE 
are recorded for each student, along with their score on all three midterm examinations. 
In addition, each student’s name and section number has been replaced with a random 
number to ensure anonymity. Much of the analysis is individual in nature, so only 
students with a complete data set were used throughout the data analysis.  
 14 
 
5. DATA ANALYSIS AND RESULTS 
 
5.1 Mathematical Background 
There are three types of statistical analysis used in this study: the two-tailed  
t-Test10, statistical effect size, and regression analysis. The purpose of a t-Test, in 
general, is to determine the probability that two measured sample means are actually 
from populations with the same mean and the observed difference is entirely due to 
sampling variance. In this study, a Welch’s t-Test11 will be used, so the population will 
be assumed Gaussian and the sample variances are assumed to be unequal. Measures of 
effect size attempt to quantify the magnitude of the relationship between populations or 
between paired data. A regression analysis measures correlation between two variables 
to determine the fraction of variance in the two variables that is due to their mutual 
relationship and how much is unexplained. The underlying statistical mathematics is 
relatively straight forward.  
 
5.1.1 Welch’s t-Test Analysis 
Suppose that there exists a Gaussian population with a population mean   and a 
population variance   . A single sample of size   is taken from the population with the 
following sample statistics: 
                (5.1) 
   
 
 
   
 
   
 (5.2) 
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 (5.3) 
Here, the    are the sampled data from the Gaussian population,   is the sample mean, 
   is the sample variance, and       is the sample degrees of freedom. A more 
convenient set of values are the corresponding standardized normal quantities of the   : 
   
    
 
 
     
 
 (5.4) 
The best estimators for the true population mean and variance are simply the sample 
mean and variance, so they are used here. The    are each a measure of the number of 
sample standard deviations the corresponding    is from the sample mean and are said to 
be  -distributed. The  -distribution is simply a Gaussian distribution with a mean of zero 
and a variance of one. 
 When more than one sample is taken, one creates what is referred to as a 
sampling distribution. Suppose that   samples are taken each with separate sample 
means    , sample variances   
 , and sample sizes   . The mean and variance of the 
sample means are given by the weighted sums: 
         
 
   
 (5.5) 
     
  
 
  
 
   
 (5.6) 
The sample means are always t-distributed, shown in Figure 1, with a mean    and 
variance    . However, unlike Gaussian distributions, t-distributions are dependent upon 
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the degrees of freedom associated with the sample variance. Since each sample in the 
sampling distribution has a different sample size, the degrees of freedom must be 
approximated. The Welch-Satterthwaite equation12 is used to approximate the degrees of 
freedom when the sample variances and sizes cannot be assumed equal: 
    
  
 
  
 
   
 
 
  
   
     
 
  
 
   
   (5.7) 
In a similar fashion to that of Equation (5.4), each sample mean in the sampling 
distribution can be standardized into a value that measures its distance from    in terms 
of   , referred to as its  -value: 
   
      
  
 (5.8) 
The    are t-distributed with a mean of zero, a variance of 
 
   
, and degrees of freedom 
approximated by Equation (5.7). 
 In addition to the   , the    contained in each sample can be squared and summed 
to create a χ2-distributed variable, seen in Figure 2, for each sample: 
  
      
 
 
   
 
 
    
    
 
 
 
 
   
 
 
    
     
  
 
  
   
 
 
  
  
 
   
       
 
 
   
 
 
  
   
   
 
 
 
    
 
   
 
        
 
   
 (5.9) 
The χ2-distribution is dependent upon the degrees of freedom, with a mean of   and a 
variance of   . Again, the degrees of freedom of the sampling distribution must be  
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Figure 1. Student’s t Distribution. For illustrative purposes,     . 
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Figure 2. χ2 Distribution. For illustrative purposes,     .  
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approximated according to Equation (5.7) since the sample variances and sizes are not 
equal. 
In the case of a Welch’s t-Test, there are many samples and the intent is to 
measure the probability that any two samples come from the same population. Equation 
(5.8) then becomes: 
    
        
  
 
    
  
 
    
  
  
 
  
 
(5.10) 
                                    
When there are exactly two samples in the sampling distribution, Equation (5.10) and 
(5.7) become: 
         
       
 
  
 
  
 
  
 
  
 
(5.11) 
   
  
 
  
 
  
 
  
 
 
 
  
 
  
       
 
  
 
  
       
   (5.12) 
The t-value statistics from Equation (5.8) or (5.10), along with the degrees of freedom 
from Equation (5.7), can be converted into a probability from the t-distribution. Its 
corresponding cumulative distribution function, the integral of its probability density 
function, will yield the probability of interest and is given by: 
  
  
   
  
     
 
  
    
  
 
 
        
  
 
  
   
 
 
  
 
    
 
 
 
 
 
 
  (5.13) 
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Here,   is the gamma function and   is the regularized beta function. Equation (5.13), 
referred to as the p-value, is the probability that the mean difference      was observed 
when the actual population mean difference is zero. The occurrence of this scenario is 
considered the null hypothesis. Generally, a statistical confidence level is chosen as a 
cutoff for what probability is necessary to reject the null hypothesis. Equation (5.11), 
(5.12), and (5.13) will be used throughout to calculate statistical reliability. 
In addition to calculations of statistical reliability, one must also determine the 
uncertainty in such calculations. A confidence interval provides a way to consistently 
report the statistical uncertainty inherent in a calculation based on randomly sampled 
data. Equation (5.8) and (5.9), with    , yield the corresponding confidence intervals 
for the mean and the variance of an individual sample, respectively: 
    
    
 
 
 
  
       
      
 
 
 
  
 (5.14) 
       
 
      
 
 
   
  
       
 
    
 
 
  (5.15) 
These confidence intervals correspond to a     probability that the true population 
parameter lies within the bounds. A commonly chosen confidence interval is 95%, 
meaning that there is a 5% probability, corresponding to      , that the Gaussian 
population parameter estimated by the sample statistic lies outside the calculated interval 
and this standard will be observed here. To calculate the confidence intervals in 
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Equation (5.14) and (5.15), it is necessary to determine the bounds of the t-distribution 
and χ2-distribution that contain     of the area under the probability density functions. 
More specifically, the integral of the probability density function for each distribution is 
set equal to the probability that the population parameter is found within the bounds of 
the integral: 
  
   
  
     
 
  
    
  
 
 
        
  
    
  
 
 
 
 (5.16) 
 
      
 
  
                
    
 
 
 
 
 
 (5.17) 
Evaluating the integrals, as well as the corresponding integrals for   
 
 
, and solving for 
the upper-bound variable allows for calculation of the confidence intervals of Equation 
(5.14) and (5.15). Evaluation of the integrals here is often tedious. In practice, for large 
sample sizes, it is useful to know that         and 
 
   
       
 
 
 , due to the 
asymptotic properties of both distributions and that         due to the symmetry 
about the origin for a standard normal Gaussian distribution. Under this limit, Equation 
(5.14) and (5.15) become: 
         
 
  
            
 
  
 (5.18) 
          
 
 
                
 
 
   (5.19) 
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The large sample size limit will be used throughout to calculate confidence intervals for 
all sample means and variances. A 95% confidence interval will be reported with all 
sample means and variances. All other reported quantities will include confidence 
intervals constructed using the upper and lower bounds for   and  . 
 
5.1.2 Effect Size 
A measure of effect size is necessary to fully complement the p-values in a 
Welch’s t-Test. In the context of a t-Test, an effect size is simply a standardized measure 
of the difference between the mean of a control sample and the mean of a treatment 
sample. In particular, Cohen’s effect size13 is widely used for Gaussian populations and 
is given by: 
  
       
      
      
          
 (5.20) 
This quantity is the difference between the two sample means, divided by the pooled 
standard deviation which is simply the square root of an average of the two sampled 
variances, weighted by their degrees of freedom. It is a measure of the number of 
standard deviations between the two sample means. As widely used as Cohen’s effect 
size may be, it is unfortunate that it can take values from zero to infinity. This leads to 
arbitrary choices for what is deemed a large or small effect size. 
 A common language effect size, or CLES14, is a recent alternative to reporting 
traditional effect size. Simply stated, a CLES is the probability that a randomly chosen 
data point sampled from the treatment population will be larger than a randomly chosen 
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data point sampled from the control population. It is assumed that both populations are 
Gaussian, so we use Cohen’s effect size within the integral of the normal Gaussian 
probability density function: 
     
 
   
    
     
 
  
 (5.21) 
 
5.1.3 Regression Analysis 
Regression analysis measures correlation between two paired variables within the 
same sample. Traditionally15, correlation coefficients for each sample are calculated and 
reported and this will be observed here. The correlation coefficient is the covariance of 
the two variables divided by the product of their standard deviations: 
               
 
   
          
 
   
        
 
   
  (5.22) 
Here,   is the number of data pairs, the    and    are the paired sample data, and   and   
are the paired sample data means.The correlation coefficient is closely related to another 
important regression analysis quantity referred to as the coefficient of determination. 
The coefficient of determination is a measure of the correlated variance between two 
paired variables and is defined as: 
   
     
     
              
 
   
 
 
       
 
 
   
       
 
 
   
   (5.23) 
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This quantity is an effect size for regression analysis because it measures the percentage 
of the variance in the paired data that is shared between them. The remaining variance is 
not accounted for simply via the relationship between the two variables and said to be 
unexplained variance.  
A measure of statistical reliability is also necessary when discussing correlation. 
Correlation coefficients for many samples are a t-distributed quantity, from Equation 
(5.8): 
   
    
  
 (5.24) 
Here, the    are the sample correlation coefficients and   is the true population 
correlation coefficient. Treating the paired sample as a single sample for the purposes of 
calculating the t-value means that    is the unexplained variance between the paired 
samples. Since three additional statistics of the paired sample are known (the two sample 
means and the correlation coefficient), the degrees of freedom for the paired sample is 
given by      . This gives an effective sample size of      . In this case, the 
probability that   was measured from the sampled data, when   is actually zero, is the 
measurement of interest, so    ,        ,      , and     
  
 
  
 
    
   
. 
Equation (5.23) then evaluates to: 
    
   
    
 (5.25) 
This t-value, along with the degrees of freedom      , can be used in Equation 
(5.13) to calculate a corresponding p-value of statistical confidence. 
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 Confidence intervals for the correlation coefficient of a sample are constructed in 
the same manner as for the sample mean in Equation (5.14). Using the same 
approximation for large sample size gives the following confidence interval: 
         
    
   
            
    
   
 (5.26) 
 A 95% confidence interval will be reported with all sample correlation coefficients. All 
other reported quantities will include confidence intervals constructed using the upper 
and lower bounds for  . 
 
5.2 Incoming Student Distributions 
 The incoming student distribution is relatively typical for an introductory 
mechanics course. From a mathematics perspective, most students enter the course with 
a sufficient general mathematics understanding, as shown in Figure 3. More specifically, 
student pre-calculus understanding is very high while there seems to be a large spread in 
calculus knowledge among the students upon entering the course, as shown in Figures 4 
and 5. This is understandable considering the first calculus course can be taken 
concurrently with PHYS 218 at TAMU, despite the inherent calculus-based nature of the 
course. Performance on the pre-course FCI is also relatively typical for an introductory 
mechanics course, as seen in Figure 6. The two comparative distributions are included to 
illustrate typical incoming student performance on the FCI for traditional lecture-style 
courses with similar pre-requisites (Hake) and courses that require two semesters of 
calculus as pre-requisites (Caballero et al.)16. 
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Figure 3. Pre-Course MIE Distribution. The distribution of student performance on the 
pre-course MIE. The sample statistics for this distribution are shown in Table 1. 
 
Table 1. Pre-Course MIE Distribution Statistics. The sample statistics for the pre-course 
MIE for this study. 
Sample Size     Sample Mean     Sample Variance      
271 7.94 ± 0.18 2.39 ± 0.40 
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Figure 4. Pre-Course Non-Calculus MIE Distribution. The distribution of student 
performance on the non-calculus questions of the pre-course MIE. The sample statistics 
for this distribution are shown in Table 2. 
 
Table 2. Pre-Course Non-Calculus MIE Distribution Statistics. The sample statistics for 
the non-calculus questions of the pre-course MIE for this study. 
Sample Size     Sample Mean     Sample Variance      
271 4.44 ± 0.09 0.57 ± 0.10 
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Figure 5. Pre-Course Calculus MIE Distribution. The distribution of student 
performance on the calculus questions of the pre-course MIE. The sample statistics for 
this distribution are shown in Table 3. 
 
Table 3. Pre-Course Calculus MIE Distribution Statistics. The sample statistics for the 
calculus questions of the pre-course MIE for this study. 
Sample Size     Sample Mean     Sample Variance      
271 3.51 ± 0.14 1.47 ± 0.25 
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Figure 6. Pre-Course FCI Distribution. A comparison between data obtained for this 
study and two other pre-course distributions (Hake, Caballero et al.). The non-TAMU 
fits are scaled to a sample size equivalent to the TAMU fit. The sample statistics for this 
distribution are shown in Table 4. 
 
Table 4. Pre-Course FCI Distribution Statistics. The sample statistics for the pre-course 
FCI for this study and two other distributions (Hake, Caballero et al.). 
Data Set Sample Size     Sample Mean     Sample Variance      
TAMU 271 15.93 ± 0.73 37.84 ± 6.37 
Hake 975 14.05 ± 0.30 22.86 ± 2.03 
Caballero et al. 2947 13.96 ± 0.17 22.66 ± 1.16 
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Figure 7. Post-Course Calculus MIE Distribution. The distribution of student 
performance on the calculus questions of the post-course MIE, with an overlay of the 
pre-course calculus MIE distribution. The sample statistics for this distribution are 
shown in Table 5. 
 
Table 5. Post-Course Calculus MIE Distribution Statistics. The sample statistics for the 
calculus questions of the post-course MIE for this study. 
Sample Size     Sample Mean     Sample Variance      
271 4.02 ± 0.11 0.79 ± 0.13 
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Figure 8. Post-Course FCI Distribution. A comparison between data obtained for this 
study and two other post-course distributions (Hake, Caballero et al.). The non-TAMU 
fits are scaled to a sample size equivalent to the TAMU fit. The sample statistics for this 
distribution are shown in Table 6. 
 
Table 6. Post-Course FCI Distribution Statistics. The sample statistics for the post-
course FCI  for this study and two other distributions (Hake and Caballero et al.). 
Data Set Sample Size     Sample Mean     Sample Variance      
TAMU 271 19.26 ± 0.69 33.61 ± 5.66 
Hake 975 17.59 ± 0.30 22.32 ± 2.07 
Caballero et al. 1983 20.70 ± 0.20 21.61 ± 1.34 
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5.3 Outgoing Student Distributions 
 Mathematically, the outgoing students have increased calculus knowledge with a 
smaller variance, suggesting that fewer students are missing vital calculus concepts and 
skills by the end of the course, seen in Figure 7. Performance on the post-course FCI is 
also typical for an introductory mechanics course. Figure 8 shows the TAMU data 
compared to the two other outgoing distributions, as previously described. 
 
5.4 Pre-Course and Post-Course FCI t-Test Analysis 
 As shown in Figure 9 and Table 7, there is a statistically significant increase in 
performance on the FCI between the beginning and end of the course because the 
bounds on the p-value do not enclose values greater than      . Together, the reported 
CLES values and the sample means show that any given student will score 
approximately three additional questions correct on the post-course FCI approximately 
71% of the time.  
 
5.5 Statistical Comparisons with Other Treatments 
Compared to the distributions of Hake and Caballero et al., seen in Tables 8 
through 11, approximately 65% of TAMU students entered the course able to answer 
about two more questions correct on the FCI than is typical, assuming the Hake 
distribution is a typical student population. This is a reasonable assumption because the 
Hake data is collected from many different participating institutions with a very large 
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sample size. Upon leaving the course, approximately 63% of the TAMU students 
answered about two more questions on the FCI than is typical. 
It should be noted here that the TAMU distribution only includes students that 
completed the course, so the incoming population is skewed toward higher scores, and 
the Hake distributions are based on the traditional lecture-style college courses contained 
in the full Hake data set.  
 In addition, it is very apparent that additional mathematics requirements, in some 
way, correlate to performing higher on the post-course FCI. Upon leaving the course, 
approximately 62% of Caballero et al. students were able to answer one additional 
question correct on the post-course FCI compared to TAMU students. This is significant 
considering the TAMU students entered the course with higher FCI performance. This 
connection suggests that performance on the FCI is not entirely based upon a student’s 
understanding of conceptual Newtonian physics. 
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Figure 9. Pre-Course and Post-Course TAMU FCI Distributions. Pre-course and post-
course FCI distribution t-Test for TAMU data, along with the corresponding Gaussian 
fits. 
 
Table 7. Pre-Course and Post-Course TAMU FCI t-Test Results. The t-Test results 
comparing the pre-course and post-course FCI performance for the TAMU data set. 
 t-value dof p-value Effect Size CLES 
Upper Bound 10.15 
538 
< 10-8 % 0.872 80.8% 
Central Value 6.48 2.05 x 10-8 % 0.557 71.1% 
Lower Bound 3.43 6.41 x 10-2 % 0.295 61.6% 
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Table 8. Caballero et al. and TAMU Pre-Course FCI t-Test Results. The t-Test results 
comparing the pre-course FCI performance for the Caballero et al. and TAMU data sets. 
The two Gaussian fits can be seen in Figure 6. 
 t-value dof p-value Effect Size CLES 
Upper Bound 8.20 304 < 10-8 % 0.610 72.9% 
Central Value 5.15 300 4.66 x 10-5 % 0.404 65.7% 
Lower Bound 2.59 297 0.994 % 0.212 58.4% 
 
 
Table 9. Hake and TAMU Pre-Course FCI t-Test Results. The t-Test results comparing 
the pre-course FCI performance for the Hake and TAMU data sets. The two Gaussian 
fits can be seen in Figure 6. 
 t-value dof p-value Effect Size CLES 
Upper Bound 7.86 374 < 10-8 % 0.606 72.8% 
Central Value 4.66 365 4.37 x 10-4 % 0.369 64.4% 
Lower Bound 1.96 358 5.09% 0.158 56.3% 
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Table 10. TAMU and Caballero et al. Post-Course FCI t-Test Results. The t-Test results 
comparing the post-course FCI performance for the TAMU and Caballero et al. data 
sets. The two Gaussian fits can be seen in Figure 8. 
 t-value dof p-value Effect Size CLES 
Upper Bound 6.92 325 < 10-8 % 0.506 69.4% 
Central Value 3.91 319 1.13 x 10-2 % 0.299 61.8% 
Lower Bound 1.37 314 17.2% 0.108 54.3% 
 
 
Table 11. Hake and TAMU Post-Course FCI t-Test Results. The t-Test results 
comparing the post-course FCI performance for the Hake and TAMU data sets. The two 
Gaussian fits can be seen in Figure 8. 
 t-value dof p-value Effect Size CLES 
Upper Bound 7.55 391 < 10-8 % 0.560 71.2% 
Central Value 4.36 380 1.68 x 10-3 % 0.332 63.0% 
Lower Bound 1.65 372 9.92% 0.128 55.1% 
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5.6 FCI-Midterm Correlation 
 The average midterm score distribution is relatively typical for an introductory 
mechanics course, shown in Figure 10. An analysis of the pre-course FCI and midterm 
exam correlation should highlight the initial state of the student’s inherent conceptual 
reasoning abilities. There is approximately a 14% correlation between overall student 
performance in the course and their performance on the FCI, seen in Figure 11 and Table 
13. In particular, there is approximately an 18% correlation between the first midterm 
exam and the FCI, shown in Figure 12 and Table 14. This is expected because the FCI 
and the first midterm both cover mostly kinematics and early applications of Newton’s 
laws. There is only about a 3% correlation between the FCI and the second midterm, 
seen in Figure 13 and Table 15, and about an 8% correlation between the FCI and the 
third midterm, seen in Figure 14 and Table 16. The correlations here are mostly 
expected, since these exams do not share much content with the FCI. However, these 
two correlations are expected to be about the same and are not. The reasoning behind 
this is not entirely clear.  
 All of the same comparisons can be made with the post-course FCI with very 
similar correlations, shown in Figures 15-18 and Tables 17-20. This suggests that, 
regardless of when the student takes the FCI, the correlation remains the same. It is 
expected that, if a student learns the concepts presented in an introductory physics 
course, there should be a higher explained variance between course performance and 
FCI performance. Statistically speaking, shown in Figure 19 and Table 21, correlation 
does not change at all between the pre-course and post-course FCI. This suggests that 
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increased performance on the FCI is not due to an increased conceptual understanding of 
Newtonian mechanics and is, instead, due to some other effect, such as educational 
background, student intelligence, or increased test-taking abilities. Further study would 
be needed to come to more exact conclusion. 
 
5.7 Incoming Mathematics Correlation 
 There is also a connection between a student’s incoming mathematics skills and 
their performance in the course, shown in Figures 20-21 and Tables 22-23. Not only is 
there an approximate 11% correlation between a student’s pre-course MIE score and 
their overall course performance, but about 75% of incoming students that perform well 
on the MIE score about 10% higher in the course, compared to their poorly performing 
counterparts. This suggests that mathematics pre-requisites are of great importance for 
introductory mechanics courses and should be increased in difficulty, such as requiring 
two semester of calculus like the courses involved in the Caballero et al. study. In 
addition, students entering the course with higher MIE scores perform better on the FCI 
and perform similarly to students from the Caballero study, despite the lack of 
mathematics on the FCI, shown in Figures 22-23 and Tables 24-25. 
These results suggest that students with a more complete mathematics education 
are either more educated in general, possess a greater intelligence, or simply have better 
reasoning and test-taking skills. Regardless of exact causation, requiring students to have 
completed additional mathematics coursework before they enroll in their first 
introductory physics course will increase student performance within the course. 
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Figure 10. Midterm Exam Average Distribution. The midterm exam average distribution 
and corresponding Gaussian fit for the TAMU data. The sample statistics for this 
distribution are shown in Table 12. 
 
Table 12. Midterm Average Distribution Statistics. The sample statistics for the average 
on all three midterm examinations for this study. 
Sample Size     Sample Mean     Sample Variance      
271 72.16 ± 1.52 163.86 ± 27.59 
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Figure 11. Pre-Course FCI and Midterm Average Correlation. The correlation plot 
showing each student’s pre-course FCI score and average midterm score. 
 
Table 13. Pre-Course FCI and Midterm Average Regression Analysis. The regression 
analysis for the pre-course FCI and average midterm exam correlation. 
dof = 268 r t-value p-value r
2 
Upper Bound 0.480 8.97 < 10-8 % 23.1% 
Central Value 0.369 6.51 3.72 x 10-8 % 13.6% 
Lower Bound 0.258 4.38 1.72 x 10-3 % 6.68% 
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Figure 12. Pre-Course FCI and Midterm 1 Correlation. The correlation plot showing 
each student’s pre-course FCI score and first midterm score. 
 
Table 14. Pre-Course FCI and Midterm 1 Regression Analysis. The regression analysis 
for the pre-course FCI and first midterm correlation. 
dof = 268 r t-value p-value r
2 
Upper Bound 0.528 10.2 < 10-8 % 27.9% 
Central Value 0.419 7.56 < 10-8 % 17.6% 
Lower Bound 0.311 5.36 1.84 x 10-5 % 9.67% 
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Figure 13. Pre-Course FCI and Midterm 2 Correlation. The correlation plot showing 
each student’s pre-course FCI score and second midterm score. 
 
Table 15. Pre-Course FCI and Midterm 2 Regression Analysis. The regression analysis 
for the pre-course FCI and second midterm correlation. 
dof = 268 r t-value p-value r
2 
Upper Bound 0.268 4.56 7.90 x 10-4 % 7.19% 
Central Value 0.150 2.48 1.36% 2.25% 
Lower Bound 0.0318 0.522 60.2% .101% 
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Figure 14. Pre-Course FCI and Midterm 3 Correlation. The correlation plot showing 
each student’s pre-course FCI score and third midterm score. 
 
Table 16. Pre-Course FCI and Midterm 3 Regression Analysis. The regression analysis 
for the pre-course FCI and third midterm correlation. 
dof = 268 r t-value p-value r
2 
Upper Bound 0.394 7.02 < 10-8 % 15.5% 
Central Value 0.279 4.76 3.10 x 10-4 % 7.81% 
Lower Bound 0.165 2.73 0.667% 2.71% 
0 
5 
10 
15 
20 
25 
30 
0 20 40 60 80 100 
P
re
-C
o
u
rs
e
 F
C
I S
co
re
 
Midterm 3 Score 
 44 
 
 
Figure 15. Post-Course FCI and Midterm Average Correlation. The correlation plot 
showing each student’s post-course FCI score and average midterm score. 
 
Table 17. Post-Course FCI and Midterm Average Regression Analysis. The regression 
analysis for the post-course FCI and average midterm exam correlation. 
dof = 268 r t-value p-value r
2 
Upper Bound 0.500 9.44 < 10-8 % 25.0% 
Central Value 0.389 6.92 < 10-8 % 15.2% 
Lower Bound 0.279 4.76 3.11 x 10-4 % 7.81% 
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Figure 16. Post-Course FCI and Midterm 1 Correlation. The correlation plot showing 
each student’s post-course FCI score and first midterm score. 
 
Table 18. Post-Course FCI and Midterm 1 Regression Analysis. The regression analysis 
for the post-course FCI and first midterm correlation. 
dof = 268 r t-value p-value r
2 
Upper Bound 0.541 10.5 < 10-8 % 29.3% 
Central Value 0.434 7.88 < 10-8 % 18.8% 
Lower Bound 0.326 5.65 4.20 x 10-6 % 10.6% 
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Figure 17. Post-Course FCI and Midterm 2 Correlation. The correlation plot showing 
each student’s post-course FCI score and second midterm score. 
 
Table 19. Post-Course FCI and Midterm 2 Regression Analysis. The regression analysis 
for the post-course FCI and second midterm correlation. 
dof = 268 r t-value p-value r
2 
Upper Bound 0.308 5.31 2.33 x 10-5 % 9.51% 
Central Value 0.191 3.19 0.160% 3.65% 
Lower Bound 0.0738 1.21 22.7% 0.545% 
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Figure 18. Post-Course FCI and Midterm 3 Correlation. The correlation plot showing 
each student’s post-course FCI score and third midterm score. 
 
Table 20. Post-Course FCI and Midterm 3 Regression Analysis. The regression analysis 
for the post-course FCI and third exam correlation. 
dof = 268 r t-value p-value r
2 
Upper Bound 0.386 6.85 < 10-8 % 15.5% 
Central Value 0.271 4.61 3.10 x 10-4 % 7.81% 
Lower Bound 0.156 2.58 0.667% 2.71% 
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Figure 19. Individual Student FCI-Midterm Correlation Distributions. The distribution 
of each individual student’s pre- and post- FCI-Midterm correlation. 
 
Table 21. Individual Student FCI-Midterm Correlation Statistics and t-Test Results. The 
sample statistics and t-Test results comparing pre- and post- FCI-Midterm correlation. 
Data Set Sample Size     Sample Mean     Sample Variance      
Pre-Course 271 0.369 ± 0.111 0.864 ± 0.146 
Post-Course 271 0.389 ± 0.110 0.848 ± 0.144 
 
 t-value dof p-value Effect Size CLES 
Upper Bound 3.32 
533 
0.0974% 0.287 61.3% 
Central Value 0.251 80.2% 0.0217 50.9% 
Lower Bound -2.33 2.01% -0.201 42.0% 
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Figure 20. Pre-Course MIE and Midterm Average Correlation. The correlation plot 
showing each student’s pre-course MIE score and average midterm score. 
 
Table 22. Pre-Course MIE and Midterm Average Regression Analysis. The regression 
analysis for the pre-course MIE and average exam correlation. 
dof = 268 r t-value p-value r
2 
Upper Bound 0.451 8.27 < 10-8 % 20.3% 
Central Value 0.338 5.89 1.17 x 10-6 % 11.5% 
Lower Bound 0.226 3.80 1.81 x 10-2 % 5.11% 
2 
3 
4 
5 
6 
7 
8 
9 
10 
30 40 50 60 70 80 90 100 
P
re
-C
o
u
rs
e
 M
IE
 S
co
re
 
Midterm Average 
 50 
 
 
Figure 21. Midterm Exam Average Distributions by Pre-Course MIE. The midterm 
average distributions for two student groups, separated by MIE performance. 
 
Table 23. Midterm Exam Average by Pre-Course MIE Statistics and t-Test Results. The 
distribution statistics and t-Test results for the two student groups. 
Data Set Sample Size     Sample Mean     Sample Variance      
MIE 3 to 7 92 67.78 ± 2.39 136.25 ± 39.37 
MIE 9 to 10 107 76.48 ± 2.39 158.51 ± 42.47 
 
 t-value dof p-value Effect Size CLES 
Upper Bound 9.22 196 < 10-8 % 1.31 90.3% 
Central Value 5.06 195 9.79 x 10-5 % 0.715 76.3% 
Lower Bound 2.02 195 4.46% 0.286 61.3% 
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Figure 22. Post-Course FCI Distributions by Pre-Course MIE. The post-course FCI 
distributions for two student groups, separated by MIE performance. 
 
Table 24. Post-Course FCI by Pre-Course MIE Statistics and t-Test Results. The 
distribution statistics and t-Test results for the two student groups. 
Data Set Sample Size     Sample Mean     Sample Variance      
MIE 3 to 7 92 17.84 ± 1.15 31.68 ± 9.15 
MIE 9 to 10 107 20.63 ± 1.13 35.37 ± 9.48 
 
 t-value dof p-value Effect Size CLES 
Upper Bound 7.26 195 < 10-8 % 1.03 84.8% 
Central Value 3.40 195 8.31 x 10-2 % 0.481 68.5% 
Lower Bound 0.551 194 58.2 % 7.81 x 10-2 53.1% 
0 
5 
10 
15 
20 
5 9 13 17 21 25 29 
C
o
u
n
t 
Post-Course FCI Score 
3 to 7 Data 
9 to 10 Data 
3 to 7 Fit 
9 to 10 Fit 
 52 
 
 
Figure 23. TAMU MIE 9 to 10 Post-Course FCI Distribution with Caballero et al.. The 
post-course FCI distribution for well-performing MIE TAMU students, along with the 
corresponding Gaussian fit and Caballero et al. fit. The Caballero et al. fit is scaled to the 
same sample size as the TAMU sample size. 
 
Table 25. TAMU MIE 9 to 10 Post-Course FCI with Caballero et al. t-Test Results. The 
t-Test results comparing the post-course FCI performance of well-performing MIE 
TAMU students and Caballero et al. students. 
 t-value dof p-value Effect Size CLES 
Upper Bound 2.79 115 0.613% 0.0152 62.2% 
Central Value 0.123 113 90.3% 0.310 50.6% 
Lower Bound -1.92 111 5.74 % -0.257 39.9% 
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6. SUMMARY AND CONCLUSIONS 
 
 Physics education research is paramount to, not only the success of students, but 
to the continued success of all physics departments. In recent years, the FCI has become 
the primary, and sometimes only, tool used to evaluate teaching methods and analyze 
overall student performance. It is unclear whether the FCI is an appropriate metric when 
used to compare a variety of introductory mechanics courses. It is well understood that 
mathematics plays a crucial function in a physics student’s success or failure, but the 
exact details of that function are not entirely clear in the context of introductory 
mechanics. 
 Traditionally, analysis of teaching methods involves comparing the average gains 
on the FCI for two treatment groups, each consisting of many classroom-sized samples. 
This work is unique because it applies a complete statistical treatment to a single sample 
of large sample size in order to analyze the relationships for each individual student. 
It has been shown that the FCI does not adequately measure student 
comprehension within the context of PHYS 218 STEP at TAMU, despite statistically 
significant gains on the FCI. In addition, a student’s mathematics background is of 
critical importance. It will often mean the difference of an entire letter grade for the 
average student. This suggests that a different metric for determining the success of an 
introductory mechanics course should be devised and that mathematics pre-requisites for 
introductory mechanics courses should be increased.  
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APPENDIX 
 
ID Section ME 1 ME 2 ME 3 Pre MIE 
Pre MIE 
(Non-Calc) 
Pre MIE 
(Calc) 
Post MIE 
(Calc) 
Pre FCI Post FCI 
1 10 87 88 57 9 5 4 4 9 16 
2 1 91 60 44 6 4 2 5 21 23 
3 12 89 85 70 8 4 4 4 21 23 
4 18 95 96 86 8 4 4 5 12 20 
5 19 58 57 39 10 5 5 4 15 21 
6 3 33 57 60 8 5 3 3 10 14 
7 6 98 84 65 6 5 1 4 20 23 
8 10 80 87 53 6 2 4 4 13 19 
9 10 91 92 48 8 5 3 4 14 25 
10 20 63 66 58 9 4 5 5 16 14 
11 19 82 60 34 5 3 2 4 16 23 
12 4 75 55 90 9 5 4 4 13 18 
13 18 85 99 98 10 5 5 5 24 27 
14 16 90 73 79 9 5 4 4 16 18 
15 13 72 40 35 8 5 3 5 19 23 
16 5 92 92 61 9 5 4 5 16 19 
17 3 91 70 78 8 5 3 4 20 25 
18 19 88 81 36 10 5 5 4 23 23 
19 19 76 72 74 8 3 5 4 8 8 
20 5 90 85 85 10 5 5 4 11 26 
21 17 84 73 58 8 4 4 4 16 21 
22 14 94 44 59 7 4 3 2 14 23 
23 19 63 80 25 10 5 5 3 23 27 
24 1 57 51 33 6 4 2 1 11 10 
25 21 85 78 71 8 5 3 5 12 18 
26 5 81 74 34 8 4 4 4 14 19 
27 2 62 46 73 3 2 1 3 13 17 
28 18 78 66 72 7 4 3 5 21 22 
29 2 67 19 50 7 5 2 2 8 9 
30 6 96 63 54 10 5 5 4 10 16 
31 7 84 73 53 6 4 2 5 8 16 
32 17 50 80 49 9 5 4 4 6 9 
33 10 93 93 90 10 5 5 5 28 29 
34 1 72 76 48 9 5 4 5 11 19 
35 4 60 68 88 8 4 4 5 26 24 
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ID Section ME 1 ME 2 ME 3 Pre MIE 
Pre MIE 
(Non-Calc) 
Pre MIE 
(Calc) 
Post MIE 
(Calc) 
Pre FCI Post FCI 
36 11 66 76 59 7 4 3 3 6 14 
37 3 94 94 103 9 5 4 4 27 26 
38 12 59 39 35 6 4 2 5 10 8 
39 4 91 66 87 10 5 5 3 19 17 
40 3 90 95 91 9 5 4 4 26 25 
41 1 93 68 76 7 5 2 4 24 25 
42 21 73 78 66 5 3 2 4 9 14 
43 18 77 77 68 8 5 3 3 13 16 
44 2 70 75 69 6 4 2 4 9 12 
45 16 92 62 90 9 5 4 4 17 23 
46 13 96 90 78 6 4 2 5 16 18 
47 13 94 85 52 8 4 4 4 21 25 
48 4 77 95 77 7 4 3 4 19 22 
49 18 92 85 51 9 5 4 4 22 25 
50 10 66 78 57 7 5 2 4 7 8 
51 12 82 45 66 5 4 1 4 20 22 
52 9 93 72 96 6 5 1 4 21 23 
53 19 81 75 49 5 4 1 3 5 11 
54 13 98 85 36 8 5 3 4 19 22 
55 6 100 89 49 9 4 5 4 26 28 
56 10 63 87 65 8 5 3 4 6 9 
57 20 95 89 89 10 5 5 5 22 23 
58 9 87 82 48 9 5 4 5 12 13 
59 7 100 90 99 9 5 4 5 21 26 
60 3 51 74 53 8 5 3 3 13 17 
61 7 89 74 51 8 5 3 4 19 20 
62 3 62 62 63 5 5 0 4 17 17 
63 17 93 78 88 10 5 5 3 19 17 
64 12 63 79 63 9 5 4 2 17 11 
65 2 78 66 77 10 5 5 3 23 25 
66 4 84 43 83 10 5 5 5 20 23 
67 16 52 36 78 7 5 2 1 13 15 
68 3 91 60 78 10 5 5 5 21 22 
69 6 80 97 45 7 5 2 4 24 26 
70 21 95 94 85 9 4 5 4 15 14 
71 10 72 27 57 4 4 0 3 22 25 
72 6 65 64 64 7 5 2 3 10 17 
73 16 72 53 68 10 5 5 5 17 17 
74 21 84 54 58 5 5 0 2 20 21 
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ID Section ME 1 ME 2 ME 3 Pre MIE 
Pre MIE 
(Non-Calc) 
Pre MIE 
(Calc) 
Post MIE 
(Calc) 
Pre FCI Post FCI 
75 15 93 74 78 10 5 5 4 19 24 
76 9 64 52 56 5 3 2 3 21 23 
77 19 88 64 39 8 5 3 4 15 24 
78 20 74 72 78 8 4 4 5 16 17 
79 7 76 84 76 5 3 2 4 12 17 
80 8 75 65 44 7 5 2 4 7 7 
81 21 89 71 53 8 5 3 4 22 23 
82 3 86 82 83 9 5 4 5 14 19 
83 18 89 67 88 10 5 5 4 27 28 
84 1 71 77 67 10 5 5 5 15 21 
85 21 95 86 98 9 5 4 4 22 27 
86 5 93 92 89 10 5 5 4 22 20 
87 1 89 84 70 10 5 5 4 11 23 
88 10 80 71 79 7 4 3 4 10 11 
89 5 60 75 66 7 3 4 5 10 21 
90 16 67 34 43 10 5 5 5 23 26 
91 3 92 78 83 7 4 3 4 22 21 
92 20 86 51 38 8 5 3 3 17 15 
93 19 51 79 62 8 4 4 5 9 7 
94 4 100 84 98 10 5 5 5 11 12 
95 6 67 56 30 8 4 4 5 8 22 
96 1 68 63 43 9 5 4 3 13 9 
97 7 98 77 35 9 5 4 5 28 28 
98 10 92 93 80 8 4 4 5 15 21 
99 5 83 61 25 8 3 5 5 28 26 
100 1 87 79 46 8 5 3 2 15 18 
101 19 90 82 68 9 5 4 4 21 20 
102 10 81 60 62 7 5 2 5 14 20 
103 19 79 9 25 8 5 3 3 24 27 
104 4 91 74 90 8 4 4 4 13 19 
105 18 56 87 59 5 3 2 4 15 19 
106 1 91 83 73 7 3 4 4 28 29 
107 16 96 76 86 9 5 4 5 17 20 
108 18 9 83 65 9 5 4 4 6 7 
109 19 78 69 39 8 5 3 3 7 12 
110 3 85 61 45 5 3 2 5 14 15 
111 5 98 89 91 10 5 5 5 16 20 
112 4 96 81 74 8 4 4 5 25 25 
113 16 57 29 73 5 4 1 3 13 12 
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ID Section ME 1 ME 2 ME 3 Pre MIE 
Pre MIE 
(Non-Calc) 
Pre MIE 
(Calc) 
Post MIE 
(Calc) 
Pre FCI Post FCI 
114 2 71 29 81 7 5 2 2 8 11 
115 6 98 91 57 10 5 5 5 18 23 
116 12 58 57 45 8 5 3 2 11 13 
117 10 79 76 42 7 4 3 4 7 14 
118 21 95 93 83 7 3 4 4 26 27 
119 9 90 92 85 7 5 2 5 15 22 
120 10 86 85 81 6 3 3 4 13 23 
121 3 91 82 76 9 5 4 3 26 27 
122 7 86 67 84 5 3 2 5 10 26 
123 12 89 76 75 7 3 4 4 22 26 
124 12 70 67 55 6 3 3 4 9 8 
125 5 95 87 87 9 4 5 5 18 16 
126 11 69 86 68 6 5 1 4 11 14 
127 6 81 83 56 7 4 3 5 8 22 
128 21 75 73 68 4 2 2 3 11 10 
129 3 74 89 51 10 5 5 5 16 27 
130 1 89 59 35 9 5 4 3 23 11 
131 5 98 89 94 9 5 4 4 22 25 
132 1 63 92 75 10 5 5 5 9 8 
133 10 93 93 80 8 5 3 5 17 23 
134 4 85 81 77 8 5 3 4 16 16 
135 13 91 79 78 7 3 4 3 18 22 
136 9 78 96 83 9 5 4 4 16 22 
137 10 98 88 59 9 5 4 4 11 12 
138 3 96 84 74 10 5 5 5 11 17 
139 2 94 74 63 7 5 2 4 13 24 
140 1 74 74 56 9 5 4 4 9 8 
141 18 51 72 68 8 4 4 4 12 19 
142 2 64 95 100 9 5 4 4 24 26 
143 21 96 98 64 8 5 3 4 23 23 
144 18 82 70 44 10 5 5 3 11 11 
145 19 89 83 50 8 4 4 5 11 23 
146 2 97 67 93 7 4 3 3 16 20 
147 11 48 89 55 9 5 4 5 18 27 
148 21 93 82 71 9 5 4 4 21 25 
149 6 100 87 102 10 5 5 5 28 28 
150 2 47 47 58 10 5 5 4 18 27 
151 14 86 85 66 8 4 4 3 17 23 
152 5 87 80 51 8 4 4 5 12 20 
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ID Section ME 1 ME 2 ME 3 Pre MIE 
Pre MIE 
(Non-Calc) 
Pre MIE 
(Calc) 
Post MIE 
(Calc) 
Pre FCI Post FCI 
153 10 86 66 49 7 4 3 4 10 12 
154 16 79 83 92 10 5 5 3 14 23 
155 4 80 73 94 8 3 5 4 19 21 
156 20 60 93 48 8 4 4 3 17 20 
157 14 86 65 61 6 3 3 4 14 20 
158 4 96 64 93 9 5 4 3 17 16 
159 10 91 86 57 10 5 5 5 22 26 
160 6 93 78 83 8 4 4 4 27 24 
161 6 65 53 42 8 5 3 3 13 17 
162 16 100 96 100 10 5 5 4 25 26 
163 4 33 41 61 6 4 2 4 9 16 
164 21 85 90 93 8 4 4 5 23 21 
165 1 95 79 70 10 5 5 5 17 24 
166 15 84 46 53 4 4 0 3 18 24 
167 9 85 73 30 6 5 1 4 12 17 
168 21 92 93 73 10 5 5 4 13 19 
169 18 70 78 88 8 5 3 2 23 27 
170 20 56 73 72 8 3 5 5 10 15 
171 18 81 70 66 7 4 3 4 16 26 
172 10 89 89 59 9 5 4 4 15 21 
173 4 87 40 88 7 3 4 5 12 23 
174 20 74 37 50 6 3 3 3 20 21 
175 14 94 80 86 9 5 4 5 19 23 
176 12 82 38 73 6 4 2 4 13 18 
177 12 73 68 48 8 5 3 4 7 17 
178 2 69 46 75 9 4 5 5 29 29 
179 17 85 78 71 9 5 4 4 21 20 
180 1 82 77 40 8 4 4 5 8 7 
181 13 73 93 58 5 4 1 4 13 15 
182 21 90 82 57 7 4 3 4 23 26 
183 3 98 96 91 8 5 3 3 26 27 
184 2 85 39 56 6 3 3 4 8 13 
185 3 96 89 102 9 5 4 3 18 25 
186 5 53 64 20 8 5 3 4 12 13 
187 5 60 46 67 9 5 4 4 21 24 
188 14 88 82 44 10 5 5 5 27 27 
189 7 76 44 2 6 3 3 1 12 13 
190 20 67 82 56 8 5 3 4 13 10 
191 7 92 76 82 7 3 4 4 17 25 
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ID Section ME 1 ME 2 ME 3 Pre MIE 
Pre MIE 
(Non-Calc) 
Pre MIE 
(Calc) 
Post MIE 
(Calc) 
Pre FCI Post FCI 
192 10 83 86 78 8 5 3 5 22 24 
193 5 95 82 77 8 4 4 4 15 19 
194 15 84 79 27 6 5 1 4 19 24 
195 12 76 53 52 8 4 4 2 14 13 
196 20 92 53 65 10 5 5 5 20 26 
197 19 60 84 57 8 4 4 5 10 16 
198 16 95 64 88 8 5 3 4 23 22 
199 19 40 57 27 4 3 1 1 4 13 
200 13 69 88 50 7 3 4 4 9 16 
201 2 64 70 75 10 5 5 3 11 13 
202 18 78 77 95 9 5 4 4 12 19 
203 2 43 88 87 9 5 4 4 26 26 
204 16 70 51 50 9 5 4 5 8 10 
205 21 91 91 70 8 5 3 4 23 26 
206 6 98 90 97 9 4 5 4 17 17 
207 20 80 81 73 8 4 4 5 19 20 
208 12 93 63 48 10 5 5 5 23 23 
209 6 51 77 51 4 4 0 4 9 11 
210 20 48 78 50 7 3 4 4 11 13 
211 12 68 59 39 8 4 4 4 10 13 
212 16 89 65 91 9 5 4 4 6 10 
213 14 70 56 63 6 4 2 2 21 26 
214 20 86 86 65 7 4 3 5 26 25 
215 16 93 71 90 7 4 3 5 22 25 
216 21 98 88 79 10 5 5 5 28 28 
217 17 98 71 82 9 5 4 4 19 24 
218 5 86 64 56 10 5 5 5 10 26 
219 4 43 48 59 7 2 5 5 13 12 
220 20 72 71 45 9 5 4 5 9 15 
221 3 79 87 73 7 4 3 4 6 16 
222 19 66 75 58 8 5 3 2 6 16 
223 6 66 48 42 8 4 4 4 10 16 
224 4 73 47 71 7 4 3 3 10 18 
225 2 84 69 71 7 4 3 5 23 20 
226 16 63 33 58 7 5 2 5 4 7 
227 18 66 60 34 9 4 5 4 9 11 
228 3 83 51 81 9 4 5 3 23 26 
229 2 66 27 54 6 4 2 3 25 24 
230 12 90 78 84 9 5 4 3 20 24 
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ID Section ME 1 ME 2 ME 3 Pre MIE 
Pre MIE 
(Non-Calc) 
Pre MIE 
(Calc) 
Post MIE 
(Calc) 
Pre FCI Post FCI 
231 19 82 93 61 7 3 4 4 11 16 
232 4 94 48 77 9 5 4 4 28 28 
233 21 92 81 68 8 4 4 4 16 11 
234 4 95 70 93 10 5 5 5 19 24 
235 1 68 84 47 8 5 3 4 16 17 
236 3 63 57 54 9 5 4 5 4 10 
237 10 81 58 64 6 4 2 5 6 14 
238 16 62 45 72 6 4 2 5 11 10 
239 16 67 49 72 8 5 3 3 13 22 
240 16 61 33 68 5 4 1 5 15 20 
241 11 89 69 60 8 5 3 5 23 24 
242 5 63 63 35 8 5 3 4 10 11 
243 19 92 96 57 9 5 4 5 26 27 
244 19 72 74 88 10 5 5 4 9 14 
245 6 81 84 55 7 4 3 3 16 15 
246 16 96 72 97 8 4 4 4 24 23 
247 17 97 62 33 7 4 3 2 17 17 
248 10 94 95 81 9 5 4 5 5 15 
249 5 79 85 81 7 4 3 5 12 11 
250 3 83 83 50 6 5 1 3 6 11 
251 21 76 63 49 7 4 3 4 6 13 
252 1 68 29 21 9 5 4 4 15 13 
253 16 84 32 74 10 5 5 4 23 16 
254 19 78 82 71 9 5 4 5 17 25 
255 13 88 94 49 10 5 5 5 16 26 
256 14 67 59 28 9 4 5 3 22 25 
257 21 94 65 62 8 5 3 4 17 22 
258 8 91 66 75 7 5 2 4 15 18 
259 1 95 79 42 8 4 4 5 15 18 
260 5 83 82 73 9 5 4 5 18 20 
261 16 89 67 75 8 4 4 4 12 21 
262 5 100 100 101 8 5 3 4 24 23 
263 1 88 41 79 9 5 4 4 14 21 
264 13 70 80 45 8 4 4 4 10 26 
265 5 89 89 70 10 5 5 4 27 26 
266 15 85 79 68 9 5 4 5 23 22 
267 19 60 66 37 3 2 1 4 10 12 
268 4 76 68 64 9 5 4 4 11 13 
269 16 85 27 64 7 4 3 3 11 18 
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ID Section ME 1 ME 2 ME 3 Pre MIE 
Pre MIE 
(Non-Calc) 
Pre MIE 
(Calc) 
Post MIE 
(Calc) 
Pre FCI Post FCI 
270 3 75 73 72 10 5 5 4 18 20 
271 6 77 80 62 8 5 3 3 4 5 
 
